1. Introduction {#s0005}
===============

Coronavirus Disease-19 (COVID-19) caused by a virus of the family *Coronaviridae* (commonly known as Corona Virus*)*, documented as SARS-CoV-2. According to past studies, several severe diseases like Severe Acute Respiratory Syndrome (SARS) and the Middle East respiratory syndrome (MERS) affected humans by viruses belonging to the same *Coronaviridae* family. Likewise, SARS-CoV-2, SARS and MERS, HKU1, NL63 and OC43 viruses also belong to the family of *Coronaviridae*. The first outbreak of the coronavirus reported in Wuhan city of China where bats were consumed as a food item and are assumed the foremost reason to justify the outbreak of this novel virus. There are various theories associated with the outbreak of this deadly virus. Novel coronavirus caused the disease to have an identical genome sequence to the coronavirus found in the bats which are sold in Wuhan city market \[[@bb0005]\]. The worst part about this novel virus is that it spread rapidly throughout the world, due to its high contagious nature and as per now, no effective treatment is available for which made it more detrimental. [Fig. 1](#f0005){ref-type="fig"} demonstrate worldwide SARS-CoV-2 affected areas \[[@bb0010]\].Fig. 1Worldwide severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) affected areas.Fig. 1

Scientists all over the globe, working hard to find suitable vaccines or treatments to treat the novel virus infection. Recently the World Health Organization (WHO) declared this novel virus infection as a pandemic. At present, the exact number of confirmed infected patients are 15,656,766 and 636,575 deaths from the COVID-19 as of July 24, 2020, 04:58 GMT ([Fig. 2](#f0010){ref-type="fig"} ) \[[@bb0010],[@bb0015]\].Fig. 2Top 10 Countries affected by SARS-CoV-2 infection.\* First outbreak occurred in Wuhan City, China. (Highlighted in bold and red). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)Fig. 2

In medicinal sciences, comorbidity mainly defined as a condition present concurrently; however, individuals with an additional condition or a related medical condition. In simple term, comorbidity defines the effect of all other situations an individual patient might have other than the primary condition of interest and can be physiological or psychological. American epidemiologist A. R. Feinstein first introduced the term comorbidity in the 1970s. The combination of a prolonged disease like diabetes and a severe viral infection like COVID-19 gives a tough challenge to the medical profession to save lives. Diabetes mellitus (DM) is a chronic disease that affects the global population. Both diabetes type 1 and 2 are a family of diseases that results in elevated sugar level in the blood. When the body unable to produce a sufficient amount of the hormone insulin, which helps the body to get glucose into cells for energy, the glucose builds up in the blood. The overall diabetes occurrence in 2019 projected to be 9.3% with a probable value of 463 million people suffering from the condition \[[@bb0020],[@bb0025]\]. Patients with diabetes considered as high-risk patients for acquired infections. The higher the glucose, the higher the risk of infections \[[@bb0030]\]. The vast majority of patients in the United States are not reaching glucose goals (70%) \[[@bb0035]\]. Besides, most patients with diabetes develop over time, co-morbidities that increase such risks. Hypertension, diabetes, cardiovascular disease (CVD) and obesity are few known or common conditions related to metabolic syndrome, and altogether or individually, they can be inclined towards a set of causes linked to COVID-19 pathogenesis. Coronavirus does have a potential ability to destroy islets by their angiotensin-converting enzyme 2 (ACE2) receptor present in islets and hence promote diabetes during the infection. According to studies, the virus predominantly infects human by allowing the cells to enter through the ACE2 receptor \[[@bb0040]\]. Due to insufficient genetic data, the existence of coronavirus S-protein binding resistant towards ACE2 still a mystery \[[@bb0045]\]. Dysglycemia is well known to downregulate critical mediators of the innate immune response of the host to pathogenesis. Patients associated with hyperglycaemia, diabetes and insulinopenia deliberately disabled the host innate and humoral immune system by weakening the synthesis of pro-inflammatory cytokines along with their downstream acute phase reactant.

In addition, immune responses get reduced by impairing lymphocyte and macrophage functions due to metabolic disorders which afterwards render patients more likely to be affected by the infectious disease \[[@bb0050]\]. Though limited data is there regarding COVID-19 patients with diabetes Wuhan shows 42.3% of 26 fatalities due to COVID-19, where patients have diabetes \[[@bb0055]\]. The Wuhan city of China conducted studies where it is found that diabetes was not a significant predictor of mortality in one study group of 140 patients with COVID-19 \[[@bb0060]\]. Whereas, another group of 150 patients were 68 deaths cases and 82 recovered patients were reported showed that the number of co-morbidities to be a risk factor for severe disease course \[[@bb0065]\]. Evaluation of 11 studies associating laboratory abnormalities in COVID-19 patients did not report diabetes or raised blood glucose level as a risk factor \[[@bb0070]\]. Apart from all these contradictory data and reports, Chinese Centre for Disease Control and Prevention published a report where they showed all over 72,314 cases of COVID-19 and showed increased mortality rate in people with diabetes (2.3%, overall and 7.3%, patients with diabetes) \[[@bb0075]\]. Agreeing with Current Diabetes Review, type 2 diabetes increase the incidence of infectious diseases and related comorbidities, and type 1 also do the same \[[@bb0080]\].

2. Diabetes as a threat in coronavirus infection {#s0010}
================================================

Diabetes is one of the standards and significant risk factor connected with mortality triggered by COVID-19. Diabetes closely characterised by impaired immunity that assumed to lead an augmented susceptibility to COVID-19 contagion, particularly in those with an elevated level of blood glucose. Cardiovascular disease, collective comorbidity towards endocrine disease comprising diabetes, is a significant donor to COVID-19 morbidity \[[@bb0030],[@bb0085]\].

Prominent data of COVID-19 patients associating several other diseases such as hypertension, diabetes and CVD suggest that different studies have different prevalence rate globally, according to a report on comorbidities in COVID-19 patients by Singh et al., states that a pooled data from 10 Chinese studies (n = 2209) reported an occurrence of diabetes, hypertension and CVD in 11%, 21% followed by 7% separately \[[@bb0090]\]. Likewise, Yang et al. reports agreeing with a meta-analysis of 8 trails of 46,248 patients having diabetes, CVD and hypertension prevalence of 8%, 5% and 17% respectively \[[@bb0095]\]. A report from the Chinese Center for Disease Control and Prevention (China CDC) that investigate a study in 20,982 COVID-19 patients having pre-existing diabetes followed by CVD and hypertension in approximately 5.3%, 4.2%, and 12.8% respectively. This study was done by the Epidemiology Working Group of China CDC \[[@bb0100]\]. A report by Onder et al. from Italy state that out of the total 355 novel coronavirus infected patients 43% of the patients associated with CVD and 36% of patients having a pre-existing diabetic profile \[[@bb0105]\]. Similarity with the Italian study as reported by Bhatraju et al. claimed that out of 24 patients of COVID-19, 58.0% of patients associated with diabetes \[[@bb0110]\]. COVID-19 surveillance group of the USA CDC reports an incidence of 10.9% from the total 7162 coronavirus infected patients having diabetes, followed by 33.9% of patients in Italy (n = 481) reported by COVID-19 surveillance group, Italy \[[@bb0115],[@bb0120]\]. In [Table. 1](#t0005){ref-type="table"} different comorbidity associated with novel coronavirus infection is shown.Table 1Different comorbidities in SARS-CoV-2 infected patients.Table 1Sl. noInvestigatorTotal number of patientsDiabetes (%)Hypertension (%)Cardiovascular disease (%)Chronic obstructive pulmonary disease (%)Comorbidities in coronavirus infected patients in China1.Liu et al. \[[@bb0125]\]618.219.71.68.22.Guan et al. \[[@bb0130]\]10997.415.03.81.13.Huang et al. \[[@bb0135]\]4119.514.615.02.44.Chen et al. \[[@bb0085]\]9912.1NR40.01.05.Wang et al. \[[@bb0140]\]13810.131.219.62.96.Zhou et al. \[[@bb0145]\]19119.030.08.03.07.Zhang et al. \[[@bb0060]\]14012.130.08.61.48.Yang et al. \[[@bb0150]\]5217.0NR23.08.09.Wu et al. \[[@bb0155]\]20110.919.44.02.510.Guo et al. \[[@bb0160]\]18715.032.611.22.111.Liu et al. \[[@bb0165]\]13710.29.57.31.512.Chen et al. \[[@bb0170]\]27417.034.08.07.013.CDC (China) \[[@bb0100]\]20,9825.312.84.22.4  Comorbidities in coronavirus infected patients in Italy1.Onder et al. \[[@bb0105]\]35535.5NR42.5NR2.CSG (Italy)[a](#tf0005){ref-type="table-fn"} \[[@bb0115]\]48133.973.830.113.7  Comorbidities in coronavirus infected patients in the USA1.Bhatraju et al. \[[@bb0110]\]2458.0NRNR4.02.CDC (USA) \[[@bb0120]\]716210.9NR9.09.2[^1]

Due to less data availability, it is difficult to conclude that pre-existing diabetes in coronavirus affected patient increases the mortality rate. In [Table 1](#t0005){ref-type="table"}, the incidence of various comorbidities in obtainable reports of patients having COVID-19 shown. In [Fig. 3](#f0015){ref-type="fig"} a graphical representation demonstrates which elaborate the association of diabetes along with novel coronavirus infection.Fig. 3Reports highlighted the percentage of COVID-19 patients having diabetes.^\#^ COVID-19 Surveillance Group of Italy.Fig. 3

Only a few reports are existing that includes the severity of coronavirus infection in pre-existing diabetes patients \[[@bb0175]\]. Liu et al. report a study that includes 61 patients in which 5 patients are having a pre-existing diabetic profile (8.2%). In that report, 17.6% of cases are severe, whereas 4.5% of cases are non-severe \[[@bb0125]\]. In another study, Guan et al. reports out of 1099 COVID-19 cases 81 patients also suffering from diabetes (7.4%), in which severe and non-severe cases are 16.2% and 5.7 respectively \[[@bb0130]\]. Wu et al. state in a report that 14 patients out of 138 patients having diabetes (10.1%) as comorbidity, in which 5.9 cases are severe and 22.2% cases are non-severe \[[@bb0155]\]. In addition to these reports, Zhang et al. report a study of a total of 201 patients in which 22 are diabetic (12.1%). That further states 19.2% and 5.1% of cases are severe and non-severe, respectively \[[@bb0060]\]. Huang et al. in a study report that out of 41 total cases, 8 are having diabetes (15%) in which 25% are severe cases, and 8% are non-severe cases \[[@bb0135]\]. In a report of Centers for Disease Control and Prevention USA states that out of 7162 patients 784 having a diabetic profile (10.9%) in which 32% are severe, and 9.4% are non-severe \[[@bb0120]\]. Mention in [Table. 2](#t0010){ref-type="table"} highlights the incidence of diabetes in COVID-19 patients & [Fig. 4](#f0020){ref-type="fig"} represent the severe and non-severe incidences of diabetes in COVID-19 patients.Table 2Incidence of severe and non-severe cases of diabetes in SARS-CoV-2 infected patients.Table 2Sl. noInvestigatorTotal number of patientsPatients with pre-existing diabetesSevere cases in percentage (%)Non-severe cases in percentage (%)1.Liu et al. \[[@bb0125]\]615 (8.2%)17.64.52.Guan et al. \[[@bb0130]\]109981 (7.4%)16.25.73.Wang et al. \[[@bb0140]\]13814 (10.1%)22.25.94.Wu et al. \[[@bb0155]\]20122 (10.9%)19.05.15.Zhang et al. \[[@bb0060]\]14017 (12.1%)13.811.06.Huang et al. \[[@bb0135]\]418 (15%)25.08.07.CDC (USA) \[[@bb0120]\]7162784 (10.9%)32.09.4Fig. 4Incidence of severe and non-severe cases of diabetes in SARS-CoV-2 infected patients.Fig. 4

The survivor, non-survivor percentage of patients having pre-existing diabetes suffering from COVID-19 is eye-catching. In a report by Yang et al. demonstrate that out of 52 patients, 9 having a diabetic profile (17%) in which 10% of cases are survivors whereas 22% of are non-survivors \[[@bb0150]\]. In another study by Zhou et al. reports that 36 cases are diabetic (19%) out of 191 cases, 14% survive, whereas 31% is non-survival cases \[[@bb0145]\]. Wu et al. in a study report that out of 88 patients, 16 patients have diabetes in that 12.5% are survivors, and 25% are non-survivors \[[@bb0155]\]. In a study of 274 patients, 47 having diabetes (17%) reported by Chen et al., in which 14% are survivor, whereas 21 are non-survivor \[[@bb0170]\]. In an extensive study by Guan et al. which reports that out of 1099 cases, 81 having a diabetic profile (7.4%) in which 6.1% are survivors and 26.9% cases are non-survivors \[[@bb0130]\]. [Table 3](#t0015){ref-type="table"} and [Fig. 5](#f0025){ref-type="fig"} represent the incidence of survivor and non-survivor COVID-19 patients with diabetes.Table 3Incidence of survivor and non-survivor COVID-19 patients having diabetes.Table 3Sl. noInvestigatorTotal number of patientsPatients with pre-existing diabetesCOVID-19 survivor in percentage (%)COVID-19 non-survivor in percentage (%)1.Yang et al. \[[@bb0150]\]529 (17%)10222.Zhou et al. \[[@bb0145]\]19136 (19%)14.031.03.Wu et al. \[[@bb0155]\]8816[a](#tf0010){ref-type="table-fn"} (18.2%)12.525.04.Chen et al. \[[@bb0170]\]27447 (17%)14.021.05.Guan et al. \[[@bb0130]\]109981 (7.4%)6.126.9[^2]Fig. 5Incidence of survivor and non-survivor COVID-19 patients with diabetes.Fig. 5

Death rate appears to be about threefold greater in the case of people having diabetes matched with the overall mortality of COVID-19 in China \[[@bb0060],[@bb0065],[@bb0075],[@bb0095],[@bb0130],[@bb0145], [@bb0150], [@bb0155],[@bb0180],[@bb0185]\]. Remarkably, diabetes used to be a more significant risk factor for severe disease and mortality in the earlier SARS, MERS coronavirus infections along with severe influenza A H1N1 pandemic in 2009 \[[@bb0190], [@bb0195], [@bb0200]\]. Patients with type 2 diabetes tend to be obese, and obesity is another risk factor for severe infection \[[@bb0205]\]. It was clarified from the period of influenza A H1N1 epidemic in 2009 that the disease was more severe and had a lengthier duration of approximately two-fold more patients with obesity who were then treated in intensive care units compared with a related population \[[@bb0200], [@bb0205], [@bb0210]\]. Specifically, a high-risk factor always associated with metabolically active abdominal obesity. A chronic low-grade abdominal obesity resulted due to abnormal secretion of adipokines and cytokines (TNF-α, interferon) may lead to induce in impaired immune response \[[@bb0205], [@bb0210], [@bb0215]\]. People are suffering from severe abdominal obesity as well having complications like mechanical respiratory problems, with the reduction in the ventilation of the basal lung caused increase in the risk of pneumonia in addition to resulting declined oxygen saturation of the blood. Obesity suffering people are also showing an increased incidence of asthma risk, and those patients with obesity and asthma have shown diverse symptoms, extra frequent and severe exacerbations and also affected decreased response to several asthma medications \[[@bb0220]\].

In general, patients who have diabetes, often have weakened immune response, both concerning cytokine profile as well as changes in immune-responses together with T-cell and macrophage activation \[[@bb0225]\]. Weaker glycaemic control harms several aspects of the immune response by a viral infection and in addition to the risk of potential bacterial secondary infection in the lungs \[[@bb0230]\]. According to reports, it is shown that a novel virus-infected patient having pre-existing diabetes history shows a reduction in metabolic control all over the world.

Not only diabetes, its associated diseases such as diabetes ketoacidosis, nephropathy and ischaemic heart disease can also cause the susceptibility to COVID-19 disease severity. This kind of complication results not only in an increased number of infected patients but also causes an inadequate immune response. In several cases, patients required care, such as acute dialysis. Few reports indicate that COVID-19 could be the reason behind acute cardiac injury through heart failure, leading towards deterioration in circulation \[[@bb0185]\]. Without a doubt, individuals with diabetes are always in high-risk for severe disease.

3. Epidemiology behind diabetes and COVID-19 {#s0015}
============================================

The latest meta-analysis from China states that among 46,248 patients infected by COVID-19, most of the patients have pre-existing disease background. Hypertension remains on top (17 ± 7, 95% confidence interval (CI) 14--22% followed by diabetes (8 ± 6, 95% CI 6--11%), cardiovascular diseases (5 ± 4, 95% CI 4--7%) and respiratory diseases (2 ± 0, 95% CI 1--3%), which unexpectedly arises much later than the components of metabolic syndrome. Patients suffering from the severe disease were 2.36 times more probable to have hypertension (95% CI 1.46--3.83), 2.46 times expected to have respiratory disease (95% CI 1.76--3.44) and 3.42 times likely to have underlying cardiovascular disease (95% CI 1.88--6.22), as compared to those with the mild disease who do not require any hospitalization \[[@bb0095]\]. In a cohort of 54 severely ill patients admitted with COVID-19 pneumonia in China, 44.4%, 24.1% and 14.8% of patients had pre-existing hypertension, diabetes and coronary heart disease, respectively. In which 44.4% of patients were complicated with myocardial injury as demonstrated by elevated cardiac enzymes, and N-terminal pro-B-type natriuretic peptide. These patients are having a profile of very high mortality of 48.1% \[[@bb0235]\]. In another cohort study of 131 patients with COVID-19 infection admitted at a hospital in Wuhan, hypertension was the most common associated comorbidity (30%), followed by diabetes (19%) and coronary artery disease (8%) \[[@bb0240]\].

4. Molecular perceptions of diabetes and COVID-19 {#s0020}
=================================================

Earlier SARS virus has been reported to bind target cells through angiotensin-converting enzyme 2 (ACE2), which mainly expressed by the epithelial cells of the lung, kidneys, intestines and blood vessels. The upregulated expression in people usually treated with angiotensin-converting enzyme (ACE) inhibitors and angiotensin II type I receptor blockers (ARBs), which are also a drug of choice to treat hypertension when a patient is suffering from a metabolic disorder like diabetes. Medicines like ibuprofen and thiazolidinediones, precisely pioglitazone linked to increased ACE2 expression \[[@bb0245],[@bb0250]\]. Augmented ACE2 expression, on the contrary, found to be useful and linked to reduced inflammation in the lungs, which a probable area of therapy in people living with inflammatory lung disease. In addition, individuals with different ACE2 polymorphisms would more complicate the picture. Still, this leftover an area of active research and the picture is likely to be more transparent shortly.

5. Diabetes investigation in COVID-19 patients {#s0025}
==============================================

COVID-19 management teams around the world must be conscious about the nuances of endocrine screening and diagnosis for patients with diabetes. People infected with coronavirus must be screened for diabetes and other illnesses. At present, there is lack of proper guidelines to screen diabetes patients suffering from COVID-19, standard American Diabetes Association criteria for the diagnose of diabetes should use for the screening process \[[@bb0255]\]. Two abnormal glycaemic test reports usually required to approve a diagnosis of diabetes in infected persons. In symptomatic cases, a solo abnormal glucose value might be sufficient to diagnose diabetes. Health care personals must be aware of the possibility of stress hyperglycaemia and differentiate it from pre-existing diabetes.

In the case of type 1 diabetes, the immune cells of the body begin to destroy β-cells, which are solely liable for the production of insulin hormone in the pancreas. Data from various studies as well as coronavirus infected patients indicates that the novel virus destroys insulin-producing β-cells, which is further resulted as hyperglycemia \[[@bb0260]\]. Different viruses, including one that causes SARS, were related to autoimmune conditions, including such as type 1 diabetes \[[@bb0265]\]. There are multiple organs involved behind the regulation of blood sugar in the body and also consists of different proteins like ACE2, and coronavirus further uses it to infect the cells \[[@bb0270]\]. Blood sugar and ketones are seen in higher levels in COVID-19 infected patients. If the body is unable to produce an adequate level of insulin to breakdown the blood sugar, it utilizes ketone as another source of fuel, which further leads to diabetic ketoacidosis \[[@bb0275],[@bb0280]\].

In the pancreas, β-cells produce blood sugar-lowering hormone insulin, and α-cells make the glucagon hormone that increases blood sugar. SARS-CoV-2 may infect α- and β-cells; as a result, few of them gets destroyed. The virus can also induce some protein production (chemokines and cytokines), which can trigger an immune response that can also kill the specific cells and alter insulin secretion \[[@bb0285]\]. In obese people, insulin resistance (IR) may be a crucial aspect of the incidence of COVID-19. ACE2 is the potential link between IR and COVID-19 since the virus enters the host body *via* ACE2. ACE2 helps in the maintenance of RAAS and abnormality of the same leads to IR and cardiovascular dysfunction. Degradation of angiotensin 2 results to the reduction of IR by decreasing oxidative stress, improving insulin signaling and enhanced insulin transport. It is important to normalize the blood glucose and insulin level, thereby reducing the expression of ACE2 and eventually COVD-19 severity \[[@bb0290]\]. It is assumed that insulin production and SARS-CoV-2 are interconnected to each other. Low levels of insulin contribute to hyperglycemia, and patients with COVID-19 exacerbates the situation. However, IR and interaction with COVID-19 are not yet fully understood. Clinical and biochemical insulin resistance markers should, therefore, be evaluated for their prognostic usefulness. In addition, where there is a correlation between insulin sensitivity and the incidence of COVID-19 is found, and attention should be given to the evaluation of medical measures to improve insulin sensitivity. Therefore, additional care and treatment are also required for patients with low insulin levels.

6. Genetic polymorphism of ACE {#s0030}
==============================

Spike proteins of coronavirus usually bind to the ACE receptors in the lungs. It is a peptidase enzyme and expressed in other tissues too to regulate the renin-angiotensin-aldosterone system (RAAS). This enzyme is the main component that converts Ang-I to Ang-II. Binding of the virus to the receptor helps the virus to invade to the host body as well as it causes depletion of ACE2 and degradation of lung tissues due to damaging effects of AngII \[[@bb0295]\]. Genetic polymorphism to ACE is recently observed in human populations. ACE1 enzyme shows polymorphism by insertion/deletion (I/D) in intron 16; it is associated with a change in levels of ACE in different tissues, including lungs. Even though they have genetic variation, there is no marked difference in their structural conformation. ACE polymorphism causes the blood pressure to change due to its effect on RAAS. Deletion leads to reduced levels of ACE2 in circulation. This I/D polymorphism is different in different geographical regions; *e.g.* in China, the northern region shows the genetic difference from the southern region \[[@bb0300]\].

Genetic mutation to this ACE2 affects its interaction with the spike proteins. Based on this polymorphism, the incidence rate in different geographic areas around the globe is different. COVID-19 vulnerability cannot be clarified exclusively by severity or even by ACE2 polymorphism. ACE2 polymorphism and Ang II lead levels were observed in severe COVID-19 patients. Multi-organ failure is another risk factor related to COVID-19. ACE2 polymorphism is associated with a change in blood pressure due to its influence on RAAS \[[@bb0305]\]. ACE2 mutation is first identified in Chinese people, with three forms of polymorphism. In Canadian teenagers, another three types of genetic polymorphism are observed. Mutations of both ACE1 and ACE2 are recorded among Brazilians. Such mutations have clinical effects, primarily cardiac complications, diabetes and complications of the cerebrovascular system. Cardiac complications among COVID-19 patients was found to be one of the comorbidities. ACE2 expression is less frequent in patients with SARS-CoV. Genetic polymorphism may explain why COVID-19 has the highest incidence rate in Europe than in Africa \[[@bb0310], [@bb0315], [@bb0320], [@bb0325]\].

7. Management of diabetes in SARS-CoV-2 infected patients {#s0035}
=========================================================

Endocrinopathy required long-lasting management and without proper guidance; patients should not alter the therapy or stop the medications. In the case of COVID-19 disease affected patients; the daily routine must change to decrease the chances of spreading as well as the severity of the disease \[[@bb0330]\]. Persons affected with the virus must inform the healthcare persons about their diabetic profile when they admitted to hospital for their better treatment management; especially people dealing with type 1 diabetes and those who depend on adrenal corticosteroids/mineralocorticoids for survival. If patients are not in a condition to take the oral tablets or are unable for subcutaneous insulin, they must give them intravenously. The management of diabetes itself a unique challenge, particularly for those who are on non-insulin depended diabetes mellitus (NIDDM) or type 2 diabetes. In cases with uncontrolled hyperglycaemia, it would be pragmatic to intensify insulin dosing, relatively than other oral drugs \[[@bb0335]\]. Present data give an idea that hydroxychloroquine (HCQ) is the drug of choice for the patient affected with Coronavirus due to its antiviral properties \[[@bb0340]\]. Still, there are not enough pieces of evidence present to support the uses of hydroxychloroquine as an ideal drug for the management of diabetes complicated by COVID-19 infection. Healthcare professions must alert the potential endocrine and adverse metabolic effects of the drugs, which are in use. Like corticosteroids, able to cause dysglycaemia, however long-term antiretroviral therapy may be associated with metabolic syndrome \[[@bb0345]\]. Apart from the lack of specific therapies and knowledge about potential therapeutic targets, it is challenging to treat a disease along with other comorbidities. The drug repurposing for SARS-CoV-2 also found to be an exciting option to combat with this novel virus infection for diabetic patients \[[@bb0350]\].

8. Treatment of diabetes during SARS-CoV-2 infection {#s0040}
====================================================

Poor glycaemic control always results in a severe risk factor for different infections and adverse outcomes. Escalation of any infection (can be bacterial pneumonia) depends on the average glucose level of a human being. Treating with glucocorticoids to hyperglycaemic patients affected with COVID-19 come up with tremendous challenges to the medical professional. The problem associate with this novel virus infection results in loss of glycaemic, control due to unstable food intake and intercurrent diseases like fever and others. To keep the glucose level optimum, frequent glucose monitoring in addition to continuous change in antidiabetic medications required.

Patients having type 1 diabetes generally treated with basal-bolus or insulin pump therapy and the doses of insulin should be frequent and be monitored to avoid a situation like hypoglycaemia as well as severe hyperglycaemia and ketoacidosis mainly in patients with reduced food intake. Patients having a diabetic profile should follow some basic prevention instruction to dodge the novel coronavirus infection. This quickly spreading virus infection can stop since this is a communicable disease; several recommendations help to diminish the spread of the deadly virus **(** [Fig. 6](#f0030){ref-type="fig"} **)**.Fig. 6General prevention advice to control coronavirus infection.Fig. 6

Patients are having a profile of type 2 diabetes, Sodium-glucose co-transporter-2 (SGLT2) inhibitors along with metformin, should be stopped to control moderate to severe illness. Chances of dehydration and diabetic ketoacidosis during infection is there, so additional precaution requires to be taken by the patients to avoid such incidences. Inhibitors like Dipeptidyl peptidase-4 (DPP4) linagliptin can be useful in the cases of impaired kidney function without risk of hypoglycaemia. Drugs class, like sulphonylureas, consider as one of the reasons for inducing hypoglycaemia in patients having a low-calorie intake, so before taking this class of drug, proper guidance should be followed. Uses of drugs like long-acting glucagon-like peptide-1 (GLP-1) receptor agonist should not be discontinued without the proper consultation of a physician. Patients having a profile of Type 2 Diabetes Mellitus, insulin treatment is better and vital to be started. Treatment of patients in the case of intercurrent disease a time-involved process, which is a serious issue \[[@bb0355]\]. A drug like pioglitazone a thiazolidinedione should be avoided; it may trigger the severity of the disease. In [Fig. 7](#f0035){ref-type="fig"} illustrate the list of drug therapies recommended for COVID-19 patients who have diabetes \[[@bb0360]\].Fig. 7List of drugs therapies recommended for COVID-19 patients suffering from diabetes.\*Chances of dehydration and diabetic ketoacidosis during infection is there, so additional precaution should be taken by the patients to avoid such cases.\*\* But the use of this class of drugs is still questionable during SARS-CoV-2 infection.Fig. 7

There is no current treatment available for this novel virus infection. Still, a small trial testified from France using a combination of hydroxychloroquine and azithromycin, showing decent outcomes in patients suffering from respiratory symptoms \[[@bb0365]\]. The reported study endpoint based on a negative test, which means the absence of the virus after receiving treatment, and not on the health status of the participating persons. Furthermore, a clinical trial with remdesivir *versus* placebo for the treatment of COVID-19 ([ClinicalTrials.gov](http://ClinicalTrials.gov){#ir0005} identifier NCT: [NCT04280705](NCT04280705){#ir0010}) presently under process in the National Institute of Allergy and Infectious Diseases \[[@bb0370]\]. This trial is still in progress and needs time; due to the short duration of the intervention, findings must turn out to be accessible in a reasonable time.

Angiotensin-converting-enzyme 2 (ACE2), a membrane glycoprotein, mainly expressed in epithelial cells of the lungs, intestine, kidney and blood vessels. ACE2 plays a vital role in the breakdown of angiotensin-II (Ang-II) and to some extent, angiotensin-I (Ang-I) to peptides, angiotensin~(1~ ~--~ ~7)~ and angiotensin~(1~ ~--~ ~9)~, separately \[[@bb0375]\]. ACE2/Angiotensin ~(1--7)~ have significant anti-inflammatory, anti-oxidant role in the protection of lung against acute respiratory distress syndrome as well as in the case of H5N1 infection. The role of ACE2 in the relation between COVID-19 and DM is often found attractive \[[@bb0380]\]. The expression level of ACE2 found reduced in case of DM probably because of glycosylation. Due to this reason, the chances of severe lung injuries closely followed by acute respiratory distress syndrome (ARDs) with COVID-19 increases \[[@bb0155],[@bb0375]\]. Some reports even also state that overexpression of ACE2 unfavourable in the case of COVID-19. SARS-CoV-2 considered ACE2 as their receptor to enter into the host pneumocytes \[[@bb0385]\]. ACE inhibitors and Angiotensin II receptor blocker (ARBs) are widely used in the treatment of DM. ACE2 expression found remarkably increased in DM suffering patients, which is an adaptive response to counter the increased levels of Ang-II and Ang-I. So the use of ACE2 stimulating drugs found detrimental in SARS-CoV-2 infected cases. At present, pioglitazone and liraglutide shown upregulation of ACE2 in animal studies \[[@bb0390],[@bb0395]\]. However, none of these drugs was used in the treatment. Due to ACE2 expression, thiazolidinediones class of drugs cannot be used in patients suffering from COVID-19 along with diabetes \[[@bb0390]\].

Some reports recommend that several incidences of COVID-19 infection in patients primarily connected with the low cytosolic pH. The regulation of cell pH often a complex mechanism involving Serum lactate dehydrogenase (LDH), a cytosolic enzyme and its rising level in serum cause the cell to break down. Due to this novel virus infection, serum LDH level dramatically increased in patients. In the case of anaerobic conditions, lactate formation increases from pyruvate. Due to increased lactate level in the extracellular area, the symporter carries the lactate and H^+^ ion into the cell, resulting in acidic intracellular pH followed by Na^+^/H^+^ exchange activation. Even though H^+^ ion threw out of the cell, Na^+^ and Ca^2+^ enter into the cell. When the level of Na^+^ and Ca^2+^ increase within the cell, the cells start swelling and further leading to cell death. An SGLT2 inhibitor (Dapagliflozin) reported to have a lactate reducing profile is useful in this scenario. Reduction in lactate level is found beneficial for pH maintenance. In another mechanism, dapagliflozin also inhibits the Na^+^ and Ca^2+^ flow. It is worthy of using dapagliflozin in patients having a pre-diabetic profile to prevent the severe development of COVID-19 infection as well as a combination therapy for diabetes treatment \[[@bb0400]\].

Dipeptidyl peptidase-4 (DPP-4) was revealed as a receptor for MERS-CoV while SARS-CoV-2 appears to use preferentially angiotensin-converting enzyme 2 to enter the cell \[[@bb0405]\]. Yet, since DPP-4 inhibitors are popular glucose-lowering medications worldwide, it will be of interest to explore whether they might protect against SARS-CoV-2 infection \[[@bb0410],[@bb0415]\]. And so far now, no such specified drug or vaccine has been approved for COVID-19 \[[@bb0420]\]. To get control over the pandemic, large clinical trials of drugs (like tocilizumab, chloroquine phosphate, remdesivir, ribavirin, lopinavir/ritonavir, arbidol, interferon *etc.*) are under progress to assess both the therapeutic activity and safety as well \[[@bb0425]\]. Despite being an immunomodulant and anti-malarial drug, chloroquine (CQ) and its hydroxy-analogue (Hydroxychloroquine) do have broad-spectrum antiviral activity. Thus, it comes under the limelight of having potential pharmacological activity for the patient of COVID-19 with diabetes though no such clinically proven reports are submitted in the support. However, there are pieces of evidence for being a highly effective drug in controlling SARS-CoV-2 *in vitro*. The most reliable and considerable reason for taking it under consideration is that it interrupts the glycosylation of SARS-CoV\'s cellular receptors by increasing endosomal pH and hence effectively blocks the viral infection \[[@bb0430]\]. As per the report of a Chinese Clinical trial of more than 100 patients depicts that CQ showed a superior effect in controlling the disease along with promoting a negative virus conversion, inhibiting pneumonia exacerbation and radiological improvement without any severe adverse effects \[[@bb0435]\].

And on the other hand, countable studies have been reported which states that HCQ improves treatment-refractory diabetic patients and glycaemic control in decompensated \[[@bb0440],[@bb0445]\]. In India, CQ already being approved for the treatment of Type-2 DM along with as a therapy for those patients who cannot achieve glycaemic targets even after administrating two other glucose-lowering drugs \[[@bb0450]\]. HCQ lowers glycosylated haemoglobin (HbA1c) in diabetes patients without the rheumatic disease, the mechanism of HCQ over glycaemia remains still unknown \[[@bb0440]\]. Somewhere down the line, an improved pancreatic β-cell function has been reported by the increase in C-peptide response by the impact of CQ \[[@bb0445]\]. According to a few submitted reports of animal studies, it has been found that HCQ effectively increased insulin accumulation and reduced intracellular insulin degradation \[[@bb0455]\]. Apart from all the data and reports on glucose metabolism, considerable caution should be taken before the use of HCQ/CQ to diabetic patients and COVID-19 patients as well and if required dose adjustment can be made to prevent hypoglycaemic events. In [Table. 4](#t0020){ref-type="table"} summarizes the list of drugs used to treat COVID-19 and their effect on glucose along with their dose and common side effects \[[@bb0460],[@bb0465]\]. More than 2200 clinical trials are currently underway seeking to find a vaccine or treatment for COVID-19 \[[@bb0470]\]. Dexamethasone, an uncommon medication, has been found potential in Covid-19 treatment \[[@bb0470],[@bb0475]\]. ChAdOx1 nCoV-19 vaccine displayed an appropriate safety profile, although homologous boosting increased responses to the antibody. Such findings, along with the activation of humoral and cellular immune responses, support this candidate vaccine\'s wide-ranging evaluation in an ongoing phase 3 trial \[[@bb0480]\].Table 4List of drugs used for COVID-19 patients and their effect on glucose.Table 4Sl. no.Drug nameDrug typeDose of drugsEffect on glucoseCommon side effects1.RemdesivirAdenosine nucleotide analoguesLoading dose of 200 mg IV infusion and maintenance dose of 100 mg IVEffective glycaemic controlIncreased liver enzymes, nausea, vomiting2.RibavirinNucleotide analogues400 mg every 12 h IV or oralEffective glycaemic controlAnxiety, mood changes, blurred vision, stomach upset, loss of appetite, dry skin, dry mouth3.Chloroquine4-aminoquinolineLoading dose of 300 mg and then 100 mg dailyEffective glycaemic controlBlurred vision, abdominal cramps, hair loss, muscle weakness, headache4.Hydroxychloroquine4-aminoquinolineLoading dose of 200 mg oral dose 3 times a day and then 2 tablets per day (BID)Effective glycaemic controlHeadache, dizziness, diarrhoea, stomach cramps, vomiting5.Camostat mesilateProtease inhibitors600 mg (200 mg 3times a day)Effective glycaemic controlEdema and urticaria, pruritus, diarrhoea6.Darunavir/cobicistatProtease inhibitors800 mg darunavir and 150 mg cobicistat dailyEffective glycaemic controlJaundice, ocular icterus, nausea (cobicistat) darunavir data is not available7.Lopinavir/ritonavirProtease inhibitors400/100 mg BIDEffective glycaemic controlDiarrhoea, hyperlipidaemia, rash, nausea, vomiting, abdominal pain8.FavipiravirRNA polymerase inhibitorsLow dose: 1000 mg BID for 1 day, 400 mg BID for 4 days\
High dose: 1200 mg BID for 1 day, 800 mg BID for 4 daysEffective glycaemic controlDecreased RBC cell production, increase in liver enzymes9.UmifenovirFusion inhibitorAdjuvant therapy with other antivirals. Dose regimen not availableNot knownNot known10.Interferon-β1Cytokines250 μg subcutaneous alternate daysWorsen glucose levelAltered blood pressure, fatigue, behavioural and cognitive change, seizures11.Aerosolized interferon αCytokines5 mU BID (nebulization)Worsen glucose levelHepatic enzyme abnormalities, renal failure, haemorrhage, myocardial infarction on overdose12.OseltamivirNeuraminidase inhibitor75 mg oral BIDEffective glycaemic controlDiarrhoea, dizziness, headache, eye discomfort, nausea vomiting, nosebleed13.Baloxivir marboxilViral endonuclease inhibitorNot knownWorsen glucose levelUnavailable14.TocilizumabMonoclonal antibody400 mg IV in 12 hEffective glycaemic controlSinus pain, runny nose, headache, dizziness, itching, mild muscle cramps, urinary tract infection15.SarilumabMonoclonal antibody200 mg IVEffective glycaemic controlNeutropenia, liver enzyme abnormalities, urinary tract infection and thrombocytopenia16.EculizumabMonoclonal antibody900 mg IV every 7 daysEffective glycaemic controlNeutropenia, urinary tract infection, anaemia, sleep disturbances,17.Ribavirin plus InterferonMixedNot knownNot knownNot known18.Interferon β plus Lopinavir/RitonavirMixedNot knownNot knownNot known

*In silico* molecular modelling and docking studies has been widely used in identifying newer drugs or repurposing of existing drugs for the treatment of COVID-19. In several of such *in silico* docking studies lopinavir, remdesivir and ritonavir reported interacting with more than one protein targets of COVID-19. Notably, anti-HIV drug lopinavir, as compared with others closely followed by ritonavir, showed very interesting *in silico* binding with COVID-19 main protease (M^pro^) but showed poor bioavailability in *in vivo* studies. Most of the HIV protease inhibitors are tested for their action against novel coronavirus infection solely or in a combination form along with some other drugs. Remarkably, these drugs are successful in *in silico*, *in vitro* and animal models but unfortunately failed to deliver the maximum efficacy in clinical studies \[[@bb0485], [@bb0490], [@bb0495]\]. Remdesivir, an analogue of adenosine, is a remdesivir-triphosphate prodrug shows its action by inhibiting RNA-dependent RNA polymerase \[[@bb0500]\]. In *in silico* molecular docking simulation studies, remdesivir also demonstrate promising results \[[@bb0505],[@bb0510]\]. Other than this, drugs like ribavirin, chloroquine, hydroxychloroquine, camostat mesylate, darunavir, cobicistat, favipiravir, umifenovir, interferon-β1 and Oseltamivir, which are used to treat SARS-CoV-2 in patients with pre-existing diabetic profile, shows good to excellent *in silico* binding efficacy with the protein structure of COVID-19 M^pro^ \[[@bb0510]\]. In a study reported by Shah et al. \[[@bb0505]\], the protease inhibitor lopinavir interacted with the protein structure of COVID-19 M^pro^ (PDB: [5R81](pdb:5R81){#ir0015}) and displays H-bond binding interactions with amino acid Glu166, His41 \[[@bb0505]\]. Nevertheless, it is failed to prove its worth in clinical trials. In the same study, remdesivir showed H-bond interaction with Glu166 and Asn142 of COVID-19 M^pro^. It is assumed that the 5-cyano-3,4-dihydroxytetrahydrofuran ring scaffold present in remdesivir is responsible for decent clinical activity against the deadly SARS-CoV-2. In another *in silico* study, Kumar et al. \[[@bb0510]\] demonstrate a combination of lopinavir-ritonavir displays various binding interactions with different amino acids of viral protein (SARS-CoV-2 M^pro^ PDB ID: [6Y2F](pdb:6Y2F){#ir0020}) and promising antiviral action against SARS-CoV-2. Similarly, baloxivir-marboxil also exhibited interesting *in silico* interactions with the same protein structure.

9. Unexplored therapies and future prospective {#s0045}
==============================================

In the absence of any particular drug therapy, various antiviral drugs are used to treat the novel virus infection. Drugs like lopinavir, ritonavir followed by RNA polymerase inhibitors, interferon-1β and hydroxychloroquine are widely used. Some reports suggest that the binding site of the novel coronavirus receptor having a strong affinity with the ACE2. Therefore, it is assumed that the renin-angiotensin system (RAS) inhibitors could have an essential role in the treatment. In the other side, zinc nanoparticles and vitamin C like options not yet tested with currently used drugs, so it is interesting to check their effectiveness in combination with other drugs. There is still no specific vaccine available to treat this novel virus, and the process of development of a vaccine is ongoing, which is assumed to be a significant way to overcome this pandemic. Leprosy medication sepsivac showed promise in the COVID-19 trial, and its efficacy is further being evaluated. Some Rasayana botanicals defined in Ayurveda like *Withania somnifera* (Ashwagandha), Tinospora cordifolia (Guduchi), Asparagus racemosus (Shatavari), Phyllanthus embelica (Amalaki), and *Glycyrrhiza glabra* (Yashtimadhu) are potential immunomodulators, may also consider as an add-on treatment for COVID-19 patients. Repurposing of existing drugs could be considered as an excellent option in identifying novel therapies for COVID-19 treatment. The severity of this contagion also warrants the design and development of new chemical entities (NCEs).

10. Conclusion {#s0050}
==============

The Coronavirus disease-19 pandemic is disastrous for world health. The combination of one medical pandemic (COVID-19) with another medical epidemic (diabetes mellitus) seems to be a severe threat to human life. Treatment of diabetes to make sure the patient stays within target ranges, keeping patients well hydrated and following the recommendations to prevent infection is crucial to stop further spread of Coronavirus disease in patients with a chronic condition like diabetes. For endocrinologists, it is a difficult challenge to deal with two or more diseases at the same time in which one is an infectious disease caused by a novel virus. Few articles have reported the relation between diabetes and novel coronavirus infection. A better understanding of the various ways in which endocrine status, and endocrine interventions, influence COVID-19, and *vice versa*, can help to improve therapeutic outcomes. Research in this particular area is urgently required to deliver an improved understanding concerning possible alterations in genetic predispositions across populations, fundamental pathophysiological mode of action between COVID-19 and diabetes, followed by its clinical management.
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